Abstract: This research on the golden-cheeked warbler (GCW) was conducted on Fort Hood, Texas, during April and June 2006. Subject matter experts on Fort Hood were consulted and helped determine which areas of the installation contained suitable GCW habitat but were not already included in The Nature Conservancy's intensive study program. Researchers then surveyed one of these areas, documenting the presence of GCW. This research was conducted to determine if data collected in the intensive study area has been successfully extrapolated to other areas of habitat on the installation.
The collected data showed that the territory density was lower than those found on TNC's intensive study areas, but pairing success was very similar to the TNC data, and the number of territorial males producing ≥ 1 fledgling was considerably higher than TNC's estimates.
This study supports the possibility of extrapolating TNC's data to areas on Fort Hood that have not been intensively sampled. However, the small scope of this project and relatively low sample size make it necessary to preface the results with one caveat: additional years of data collection on this study site would equate to a higher measure of confidence in the results.
Executive Summary
This research on the golden-cheeked warbler (GCW) was conducted on Fort Hood, Texas, during April and June 2006. Subject matter experts on Fort Hood were consulted and helped determine which areas of the installation contained suitable GCW habitat but were not already included in The Nature Conservancy's (TNC's) intensive study program. Researchers then surveyed one of these areas, documenting the presence of GCW, the numbers of birds seen or heard, and the demographics of the species within this new study area. This research was conducted to determine if data collected in the intensive study area has been successfully extrapolated to other areas of habitat on the installation.
The collected data showed that the territory density was lower than those found on TNC's intensive study areas, which may be the result of a lower number of territorial males present here due to habitat constraints, but pairing success was very similar to the data collected by TNC. However, the number of territorial males producing ≥ 1 fledgling observed in this study was considerably higher than TNC's estimates. This may be due to inaccurate identification of unbanded males on the study area. When unbanded males live in adjacent territories, it is possible to observe the same male at varying times and locations and assume it was two or more different birds.
This study supports the possibility of extrapolating TNC's data to areas on Fort Hood that have not been intensively sampled. However, the small scope of this project and relatively low sample size make it necessary to preface the results with one caveat: additional years of data collection on this study site would equate to a higher measure of confidence in the results. Hood to support training activities. Historically, the eastern training ranges of Fort Hood north of Belton Lake (Land Groups 1 and 2) have received only limited use by mechanized units due to terrain and vegetation constraints. However, as training requirements increase use of all available training lands, these under-utilized ranges are receiving increased pressure to support additional training activities. These two land groups on Fort Hood also support the largest contiguous habitat area on the installation for the federally endangered golden-cheeked warbler. As a result of potential effects on populations and habitats of this endangered species, significant changes in the military use of Land Groups 1 and 2 could trigger compliance actions under both the National Environmental Policy Act (NEPA) and the Endangered Species Act (ESA). This effort will provide the installation baseline golden-cheeked warbler population and habitat use data that have not been previously collected in these land groups. These data can be used by installation land managers to assess effects of potential changes in mission activities in these land groups in compliance with NEPA and ESA requirements.
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The golden-cheeked warbler (Dendroica chrysoparia) is a federally endangered migratory passerine with a breeding range endemic to the range of Ashe juniper (Juniperus ashei) on the Edward's Plateau of central Texas. The golden-cheeked warbler (GCW) is a medium sized warbler characterized by a distinctive black head, yellow face, and thin black eyeline. The GCW is entirely dependent upon the mature Ashe juniper forests of central Texas for nesting and foraging. The species builds its nests almost entirely from shredded juniper bark at a height of 4 to 5 meters above the ground, most commonly in Ashe juniper and occasionally in the hardwoods common to the region (e.g., live oak, Texas oak; Pulich 1976).
Only mature Ashe juniper trees shred their bark, limiting the goldencheeked warbler to forests with a high proportion of juniper trees that are older than 40 to 50 years (Pulich 1976) . Warblers, however, rarely exist in stands of pure juniper, as they also require the hardwoods that support the insect populations on which they forage. For a more detailed description of the golden-cheeked warbler and its habitat, see Pulich (1976) .
The golden-cheeked warbler was listed as endangered in 1991 under the ESA of 1973, as amended due to degrading and increasingly fragmented habitat, which caused the decline in their population (Benson 1990 (Benson 1990 , Engels 1995 restrictions have been placed on military training activities in and around GCW habitat on the installation.
Objectives
The objectives of this work were to determine and document (1) demographic parameters (return rates, dispersal distances, productivity, and mated status) affecting population status and (2) occurrence of the goldencheeked warbler in nonintensively studied habitat on Fort Hood, Texas, in support of NEPA and ESA requirements.
Approach
This research on the golden-cheeked warbler was conducted on Fort Hood, Texas, during April and June 2006. Subject matter experts on Fort Hood were consulted and helped determine which areas of the installation would contain suitable GCW habitat that was not already included in The Nature Conservancy's intensive study area. Researchers then surveyed these areas, documenting the presence of GCW and the number of birds seen or heard. Researchers also set about following the same protocol TNC currently uses for monitoring these birds in the intensive study areas established in 1991. This work included determining territory location and size, mated status, and productivity. The research work consisted of systematically surveying possible golden-cheeked warbler habitat, colorbanding adults, and monitoring the newly established study area to determine species productivity. These data were then compared to those gathered by TNC and used to extrapolate GCW population trends across the entire installation. Data from these studies were compiled and analyzed, and recommendations were made regarding future monitoring and management of the golden-cheeked warbler population on Fort Hood, Texas. 
Mode of Technology Transfer
Methods
Establishing a New GCW Study Area
The Nature Conservancy has three Intensive Study Areas (ISAs) located on Fort Hood, Texas, where GCW population monitoring has been ongoing since 1992 . Demographic data such as territory size and density, age structure, mated status, males producing ≥ 1 fledgling, and nest monitoring data have been gathered each year since then. This data can be used to monitor population changes over time and to estimate possible causes in the increase/decrease of a population (DeSante and Rosenberg 1998, Manley 1993) . Data collected in the ISAs are used to extrapolate GCW demographics across the entire extent of the habitat available on Fort Hood, and give a picture of what is happening on the installation as a whole.
For this project researchers established a 1-year intensive study plot to provide baseline data for population status in an area with the potential to see increased military training activity. These efforts will also attempt to evaluate whether data from other research plots on Fort Hood, which have been intensely monitored, can be extrapolated to habitat areas that are currently undersampled. For the purpose of this study, TNC data from [2003] [2004] [2005] [2006] were used in the comparison of the 1-year plot to the well studied areas. Because changes were made to the survey protocol prior to the start of the 2003 field season (Peak 2003) , data from previous years were not included for this comparison.
Study Plot
The study area was located on the eastern part of Fort Hood, north of Cowhouse Creek and on the western edge of the Owl Creek Mountains. It was primarily located in the eastern part of Training Area (TA) 13, but also included the northwest part of TA 22 and the northern part of TA 21 ( ). The study area encompassed 164 ha. 
Territory Mapping/Observational Surveys
Males observed/heard in a specific area over consecutive visits were considered to have an established territory and therefore were continuously monitored throughout the field season. Observations were made in each territory at least twice a week for approximately 1 hour each visit. Global Positioning System (GPS) locations in the form of Universal Transverse Mercator (UTM) coordinates, were taken for the targeted individual approximately 30 and 60 minutes into each visit using a Garmin V handheld GPS receiver. Point locations of territorial males were taken approximately 30 m apart from one another. During survey periods all relevant behaviors of males/females/fledglings were recorded; including but not limited to: presence/absence of adults or fledglings, individuals seen with nesting materials, food delivery, and nest monitoring. Due to the inaccessibility of some areas of the study plot, some individuals were monitored at less frequent intervals than others.
Banding
Banding of individuals was initiated on 19 April and continued through the length of the field season, until 30 June. Banding attempts consisted of using mist nets, sound equipment including an MP3 digital audio player with speaker, appropriately sized U.S. Fish and Wildlife Service (USFWS) numbered aluminum bands and a variety of colored plastic leg bands. Nets were set up within a male's territory and individuals were attracted to the nets using a variety of recorded GCW songs and calls. Attempts lasted no longer than 15 minutes and no more than 5 netting attempts were conducted on an individual. Captured GCWs were fitted with a USFWS band along with a unique combination of color bands to allow for accurate subsequent identification of individuals at a distance. Age and sex of each individual GCW were recorded using guidelines from Pyle (1997), as well as appropriately refined guidelines (Tim Hayden, personal communication, Biologist, ERDC-CERL). All individuals were aged and placed in one of four categories: HY (hatch year), SY (second year), and ASY (after second year). When, after examining all useful characteristics, the age of a bird could not be determined, it was recorded as AHY (after hatch year). All nontarget species were extracted from the net and released without banding. UTM coordinates of all successful banding locations were recorded using a GPS receiver. Banding attempts were made for both adults and fledglings.
Productivity
While conducting the observational surveys researchers collected data on pairing success and the percent of territorial males producing one or more fledglings. A male was considered to be paired if a female was seen within the male's territory on at least three separate visits. A male was considered to have produced ≥ 1 fledgling if researchers observed a male feeding fledglings or carrying food to an area in its territory when fledglings where known to be present.
Nest searching was conducted on all monitored territories. Researchers attempted to determine the locations of nests using either behavioral cues from territorial adults or through systematic searches of territories suspected to contain a nest. When a nest was located and positively identified, a GPS location was taken and flagged at least 5 m away from the nest and monitored every 3 days. Monitoring was conducted as close to sunrise as possible to limit stress on the nesting pair and to gather information on status and stage of nest cycle. Information on hatching and fledging dates as well as behavior of adult birds was gathered.
Data Analysis
Territory density was calculated by dividing the number of territorial males found on the study by the total area of the study area. This assumes all territories are equal in size. Researchers calculated the approximate size of each territory by plotting the GPS points of each territorial male on a map of the landscape using ArcGIS 9; then using the polygon-drawing feature in ArcMap to draw a line around the cluster of observation coordinates associated with each male. This polygon represents a very rough estimate of each bird's territory based on the average of the boundary points. The software is able to calculate and map the exact area for each polygon representing a territory, but again this is only an estimate of the actual size and shape of territorial boundaries. The same method was used to calculate the area of the entire study plot.
To estimate mated success, the number of paired territorial males was divided by the total number of territorial males. If a female was observed within a male's territory on at least three occasions, the male was considered to be paired. Other date included the number of paired males that produced ≥1 fledgling divided by the total number of territorial males and the total number of paired males. To estimate the number of fledglings per paired male, the total number of observed fledglings was divided by the number of paired males.
To calculate the age structure, the number of SY and ASY birds was divided by the total number of aged adults found within the study area.
Results
Thirty territories were present on the 164-ha study area (18.3/100 ha). Territories ranged in size from 1.58 ha to 6.87 ha with an average territory size of 3.39 ha (95% CI 2.89 ha -3.89 ha; Figure 2 Figure 2
). If territories were distributed evenly over the study area, overall territory density would be 1 territory per 5.46 ha or 0.18 territories per ha. But there was some overlapping (
).
Over the course of the field season, we banded 17 golden-cheeked warblers (Appendix 1), including 15 (88%) territorial males and 2 (12%) females. Of the 15 males, 12 (80%) were ASY, and 3 (20%) were SY ( Figure 3 ). Of the 2 females, one was ASY (50%) and one was AHY (50%) due to indeterminate age characteristics. One previously banded male was located on the study area: RD/BL : OR/SI, USFWS 2310-93620.
Of the 30 monitored territorial males, 24 (80%, 95% CI 95.16 -64.81%) were paired. Of the 30 territorial males, 22 (73.33%, 95% CI 56.54 -90.12%) were successful in producing ≥ 1 fledgling and out of the 24 paired males, 22 (91.67%, 95% CI 79.75% -100%) were successful in producing ≥ 1 fledgling. Sixty-four fledglings were observed, yielding an average of 2.13 (95% CI 1.60 -2.67) per territorial male, 2.67 (95% CI 2.22 -3.11) per paired male, and 2.91 (95% CI 2.61 -3.21) per successful male.
Between the age classes the average fecundity was very similar for mated SY (n = 2) males was 3.0 young per paired SY. The average for paired ASY (n = 22) males was 2.64 young per paired ASY. Productivity between the age classes for successful SY (n = 2) males was the same at 3.0 but higher for successful ASY males at 2.9 (n = 20) per successful ASY male ( Figure  4 ). These averages may be skewed due to small sample size. Two nests were found while monitoring territorial males in the study area. Both nests were monitored according to protocol. The first nest was discovered on 10 April 2006 and the young fledged on 8 May 2006. The nest contained 3 nestlings, which was the same number of fledglings observed being fed by both adults for at least 3 weeks within its territory. The second nest was found on 17 May 2006 with a female incubating. Observations were made of both adults feeding an unknown number of nestlings but the final outcome of the nest was unknown. The last observation was made on 5 June 2006 and an empty nest was found. Numerous attempts to locate the fledglings were unsuccessful.
Discussion
Territory density was lower than those found on TNC's ISAs (2003 -0.21 N= 167; 2004 -0.25 N = 158; 2005 -0.24 N = 148; 2006 -0. 24 N = 174) ( Table 1   Table 1 . Overall territory density.
, Peak 2006). This may be the result of a lower number of territorial males due to habitat constraints (food, suitable nesting substrate, predators) or overall size of territories may have been larger than territories found on TNC's ISAs. Unfortunately TNC did not gather territory size data on each territorial male they monitored; therefore we cannot compare estimates. When comparing the current data to other studies, territory size collected in this study seems to fall somewhere in the middle of territory size estimates ( 0.81 -2.55 ha [Pulich 1976 ] and 4.44 -8.48 ha [Kroll 1980] ). The fact that only 15 out of 30 males were banded within the study area may have lead to inaccurate identification of males. An over-or underestimation of the number of territory males could have occurred. The sample size is also considerably smaller than that collected by TNC, which allows for a higher rate of sampling error. . A territorial male was classified as paired by having researchers observe a female on the territory at least three times. The protocol was a bit more stringent than TNC's, which considered a male paired if a female was observed on the territory only once . However, the current pairing success rate would remain unchanged if the protocol was changed to match that observed by TNC. Age structure between study areas will not be compared. On TNC ISAs, banding has occurred for more than 10 yrs and there is historical information on the estimated age of many of the territorial males. For this study all males captured were not banded and thus could only be put into 2 categories (ASY and AHY).
In conclusion; this study supports the possibility of extrapolating TNC's data to areas on Fort Hood, Texas, that have not been intensively sampled. But considering the sample size, it may be necessary to compile additional years of data from this study site or others to gain a higher measure of confidence. It is also important to mention that the data collected was from the tops of mesas, because these are the areas that are most likely to be impacted due to the increase of military training. Data collected from slopes and the bottoms between mesas around Fort Hood may yield different results. Future work should include a protocol for sampling from these areas as well. 
